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ABSTRACT 
Background: Toxigenic Clostridium dificile is the etiologic agent 
of C. difficile-associated diarrhea. It is believed that patient-to- 
patient transmission and environmental contamination are risk 
factors for the spread of this disease in hospitals. The devel- 
opment of precise typing schemes has provided some under- 
standing of the epidemiology of this nosocomial infection. 
Objective: The purpose of this study was to identify strain types 
of C. difficiile present in the environment of a maternity ward and 
surgical wards of a hospital in Warsaw, and to correlate these 
types with those isolated from neonates and surgical patients. 
Methods: Arbitrarily primed polymerase chain reaction (AP- 
PCR), with the arbitrary primer PG-05, was used to genotype 
14 isolates of C. difficie obtained from different sources in a 
hospital in Warsaw. These included clinical isolates from 
neonates and surgical patients, as well as environmental iso- 
lates from the maternity and surgical wards. 
Results: A predominant toxigenic isolate was found in the 
maternity environment, and this strain type was also isolated 
from the stools of two of five newborns. Unique and different 
DNA banding patterns were observed in the remaining three 
isolates from neonates. In addition, isolates from an infant with 
diarrhea also showed a unique AP-PCR type. The isolates from 
three surgical patients analyzed had the same AP-PCR profile. 
This type was also found in the surgery ward environment. 
Conclusion: These data support environmental contamination 
as an important factor in the etiology of C. difficile-associated 
diarrhea in this hospital. 
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Clostridium dzflicile is the cause of C. d@icile-associated 
diarrhea (CDAD), the most common cause of infectious 
diarrhea in hospital settings. Cross-infection between 
patients and contamination from environmental surfaces 
and hospital personnel are considered important factors 
in the nosocomial spread of this pathogen.‘-* Several typ- 
ing methods have been developed to identify strains of 
C. difsicile in attempts to correlate isolates to hospital 
outbreaks. In a recent study, Costas et al and Nath et al 
described an outbreak of CDAD in which a predominant 
toxigenic type was associated with 81% of CDAD cases 
in three wards.5z6 This same type was also recovered in 
high numbers from the environment in those wards. In 
another study,Testore et al isolated an environmental C. 
d@cile type that was associated with a cluster of CDAD 
in a surgical unit.l These studies suggest that cross-infec- 
tion and the environment played a major role in these 
outbreaks.The purpose of this study was to identify strain 
types of C, d@ciZe present in the environment of a mater- 
nity ward and surgical wards of a hospital in Warsaw and 
to correlate these types with those isolated from neonates 
and surgical patients. In addition, strain identity was also 
determined in isolates from an infant with diarrhea. 
MATERIAL AND METHODS 
Clostridium diffile Isolates 
The strains of C. difsile analyzed in this study and their 
sources are listed in Table 1. Isolates I to IX were obtained 
from a maternity hospital between September 1990 and 
June 199 1. Isolates X to XIII were obtained from the sur- 
gical ward of another hospital. 
Table 1. Source of Clostridium difficile Strains Genotyped by 
Arbitrarily Primed Polymerase Chain Reaction 
Isolates Source 
I-V Newborn feces 
VI-IX Maternity environment 
X-XI I Feces of surgical patients 
XIII Surgical environment 
XIV Feces of infants with diarrhea 
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Amplifkation of Toxin A and B Genes 
The primers and conditions for amplification of the toxin 
A and B gene sequences are described elsewhere.‘s8 
Arbitrarily Primed Polymerase Chain Reaction 
Methodology 
Arbitrarily primed polymerase chain reaction (AP-PCR) 
was performed as previously described.9,10 Briefly, DNA 
was extracted from the cultures by scraping a single 
colony from each isolate with an inoculating loop into a 
0.6 PL microcentrifuge tube containing 100 PL of sterile 
water.The sample was boiled for 10 minutes, centrifuged 
at 5000 X g for 3 minutes to remove cell debris, and the 
DNA in the supernatant quantitated as previously 
described.9x10 The PCR reaction mixtures were prepared 
in PCR buffer (50 m M  KCl, 20 m M  Tris-HCl, 2.5 m M  
MgCl,, 100 l.rg/mL bovine serum albumin, pH 8.4) con- 
taining 40 pmol of the arbitrary primer PG-05,O.l m M  
each dNTP, 2 units of recombinant thermostable DNA 
polymerase (Perkin-Elmer Cetus, Norwalk, CT), and 1 Fg 
of DNA.The reaction mixtures were covered with 150 ILL 
of mineral oil.The PCR profile was initiated with two 
cycles of low stringency, which included a denaturing 
step at 95°C for 1 minute, annealing of the primer at 
26~ for 1 minute, and an extension at 72°C for 2 min- 
utes. After two cycles of low stringency, annealing of the 
primer was done at 50°C for the remaining 55 cycles. All 
amplification reactions were done in duplicate. 
Detection of Amplified Products 
DNA banding patterns were visualized by analyzing 12 u,L 
of the AP-PCR amplification products in a 1.5% agarose 
gel (Life Technologies, GIBCO, BRL, Grand Island, NY) in 
Tris borate EDTA buffer. In all gels, a 123-bp DNA ladder 
was included as the size marker. Gels were run at a con- 
stant 110 V for 70 minutes, then stained in an ethidium 
bromide solution (0.5 pg/mL) for 20 minutes, de-stained 
for 20 minutes, and photographed under ultraviolet light 
with a Polaroid Land camera. When necessary, DNA band- 
ing patterns from individual strains were directly com- 
pared by running their amplification products on the 
same gel. 
RESULTS 
Using AP-PCR, 14 isolates of C. difSiciZe obtained from 
patients or the hospital environment were genotyped. 
Eight of these strains were clinical isolates from the stool 
of newborns or surgical patients. Four isolates recovered 
from the maternity ward environment also were analyzed. 
A predominant toxigenic type (AI’-PCR type 2) was recov- 
ered from environmental surfaces in the maternity ward. 
This strain was also found in two of five stools from 
neonates (Table 2). A distinct and unique DNA banding 
Table 2. Molecular Profiles of C. difficile Isolates Genotyped by 
Arbitrarily Primed Polymerase Chain Reaction with the Arbitrary 
Primer PG-05 
PCR 
/so/ate Toxin A  Toxin B  lsokition AP- PCR Type 
I - - 9190 1 
II + + 9/90 2 
Ill + + 1 o/90 3 
IV + + 4/91 4 
V  + + 4191 2 
VI + + i/91 2 
VII + + i/91 2 
VIII + + l/91 2 
IX - - 6/91 5 
X  + + 1 o/90 6 
XI + + I O/90 6 
XII + + 6/91 6 
XIII + + 2191 6 
XIV - - 1 o/90 7 
I-V = newborns: VI-IX = maternity ward; X-XII = surgical patients; XIII = surgical 
ward: XIV = infant with diarrhea. 
pattern was identified in the other three isolates from 
neonates. Isolates from the three patients in the surgical 
ward belonged to the same AP-PCR type (type 6).This 
strain also was found in the environment of the ward 
(see Table 2). In addition, a strain isolated from the stool 
of an infant with diarrhea had a unique AP-PCR type. Fig- 
ure 1 shows the AP-PCR profiles of selected isolates geno- 
typed in this study. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Figure 1. Genotyping of Clostridium difficile isolates with the arbi- 
trary primer PG.05 Lanes 1 and 14: 123 bp-DNA ladder; lane 3: DNA 
banding pattern of isolate I (AP-PCR type 1); lanes 4, 5, and 7: DNA 
banding pattern of isolates II, V, VII (AP-PCR type 2); lane 6: DNA 
banding pattern of isolate Ill (AP-PCR type 3); lanes 8, 9, 11: DNA 
banding patterns of isolates X, XI, XIII (AP-PCR type 6); and lanes 10 
and 12: DNA banding patterns of isolates IX and XIV (AP-PCR types 
5 and 7). 
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DISCUSSION 
Clostridium difficile-associated diarrhea is the most 
common cause of hospital-acquired diarrhea in hospi- 
tal settings, and a significant cause of morbidity in 
Poland and other countries in Eastern Europe. Clostrid- 
ium d@ikile is frequently isolated in Polish hospitals 
from the feces of adults and children hospitalized for 
different circumstances.11~12 Patient centered risk fac- 
tors, including antibiotic usage, gastrointestinal proce- 
dures, immunosuppression, etc., are believed to be 
associated with the acquisition of CDAD. Cross-infection 
and environmental contamination are believed to play 
a role in hospital transmission of CDAD.5z6The role of 
the environment as a reservoir for C. dijficile has been 
well documented. Several investigators have reported 
the isolation of an environmental type associated with 
hospital outbreaks.6 However, in non-outbreak situa- 
tions, the role of cross-transmission and the environ- 
ment is less clear.13 Samore et al identified a highly 
diverse number of C. dijficile types among clustered 
cases of diarrhea, showing no evidence of patient-to- 
patient transmission.‘* 
This study analyzed isolates from newborns and 
the maternity environment. The results obtained sug- 
gest that the environment may be involved in the acqui- 
sition of C. difficile. Two of the newborns were 
colonized with the same toxigenic strain isolated from 
the environment. In the case of the surgical patients, 
cross-transmission from patient to patient and the envi- 
ronment may be involved. The isolate from all three 
patients was the same as that found in the environ- 
ment. These findings are in agreement with those of 
Costas et al and Nath et al, who reported that a pre- 
dominant toxigenic isolate was associated with 81% of 
CDAD cases in three wards.5’6This same type was also 
recovered in high numbers from environmental sur- 
faces sampled in those wards, indicating that both cross- 
infection and environmental contamination could have 
played a role in the outbreak. Some of the isolates geno- 
typed in this study had previously been analyzed by 
AP-PCR and PCR ribotyping.15 Isolates II and III, and 
isolates I and V to VIII were found to be the same in 
the study of Martirosian et a1.15 The discrepancy with 
results of the present study may be due to the differ- 
ent primers used in these studies, and to the criterion 
used by authors in analyzing the DNA banding patterns 
and classifying isolates. 
REFERENCES 
1. Testore GP Pantosi A, Cerquetti M, Babudieri S, Panichi G, 
Mastrantonio G. Evidence for cross-infection in an outbreak 
of Clostridium d@‘cile-associated diarrhea in a surgical unit. 
J Med Microbial 1988; 26:125-128. 
2. Martirosian G, Polanski J, Szubert A, Meisel-Mikolajczyk E C. 
d@‘ciZe in a department of surgery. Mater Med Pol 1993; 
25:145-147. 
3. Silva J Jr. Clostridium dz@kiZe nosocomial infections still 
lethal and persistent. Infect Control Hosp Epidemiol 1994; 
15:368-370. 
4. Brooks SE, Veal RO, Kramer M, Dore L, Schupf N, Adachi M. 
Reduction in the evidence of C. d@cile-associated diarrhea 
in an acute care hospital and a skilled nursing facility fol- 
lowing replacement of electronic thermometers with single- 
use disposables. Infect Control Hosp Epidemiol 1992; 13: 
98-103. 
5. Costas M, Holmes B, On SLW, Ganner M, Kelly MC, Nath SK. 
Investigation of an outbreak of Clostridium difsicile infec- 
tion in a general hospital by numerical analysis of protein 
pattern by sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis. J Clin Microbial 1994; 32:759-765. 
6. Nath SK,Thornley JH, Kelly M, Kucera B, On SLW, Holmes B, 
Costas M. A sustained outbreak of Clostridium d@cile infec- 
tion in a general hospital: persistence of a toxigenic clone 
in four units. Infect Control Hosp Epidemiol 1994; 
15:382-389. 
7. Gumerlock PG,TangYJ, Weiss JB, Silva J Jr. Specific detection 
of toxigenic Clostridium dapcile in stool specimens. J Clin 
Microbial 1993;31:507-511. 
8. TangYJ, Gumerlock PG, Weiss JB, Silva J Jr. Specific detection 
of Clostridium difsile toxin A gene sequences in clinical 
isolates. Mol Cell Probes 1994; 8:463-467. 
9. Silva J Jr, Tang YJ, Gumerlock PG. Genotyping of Clostrid- 
ium difSiciZe isolates. J Infect Dis 1994; 169:661-664. 
10. Tang YJ, Houston ST, Gumerlock PG, et al. Comparison of 
arbitrarily primed polymerase chain reaction with restriction 
endonuclease and immunoblot analyses for typing CZostrid- 
ium d@ciZe isolates. J Clin Microbial 1995; 33:3169-3173. 
11. Meisel-Mikolajczyk F, Sokol B. New Clostridium difficile 
serotypes in Poland. Eur J Epidemiol 1991; 7:434-436. 
12. Meisel-Mikolajczyk F, Martirosian G, Marianowski L, 
Dworczynska M, Cwyl-Zembruzuska L. Clostridium difsicile 
in a maternity hospital. Int J Feto-Maternal Med 1992; 5: 
173-177. 
13. Skoutelis TA, Westenfelder GO, Beckerdite M, Phair PJ. Hos- 
pital carpeting and epidemiology and Clostridium disficile. 
Am J Infect Control 1993; 22:212-217. 
14. Samore MH, Bettin KM, DeGirolami PC, Clabots CR, Gerding 
DN, Karchmer AW. Wide diversity of Clostridium dapcile 
types at a tertiary referral hospital. J Infect Dis 1994; 170: 
615-621. 
15. Martirosian G, Kuipers S,Verbrugh H, van Velkum A, Meisel- 
Mikolajczyk E PCR ribotyping and arbitrarily primed PCR 
for typing strains of Clostridium dzficile from a Polish 
maternity hospital. J Clin Microbial 1995; 33:2016. 
